IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent of ) 

Anson, et al. ) 

Patent No. 5,171,569. ) 

Issued: December 15, 1992 ) 



For: FACTOR DC PREPARATIONS UNCONTAMINATED 
BY PLASMA COMPONENTS OR POX VIRUS 

March 6, 1997 

Honorable Commissioner of Patents 

and Trademarks 
Box Pat. Ext. 
Washington, D.C. 20231 



RECEIVED 

m - 6.1997) 

PATENT EXTENSION 
A/C PATENTS 



TRANSMITTAL OF APPLICATION FOR EXTENSION OF PATENT TERM 



Dear Sir: 

Enclosed is: 

1. An Application for Extension of Patent Term Under 35 U.S.C. §156 and Attached 
Exhibits 1 through 11 (and one copy thereof). 

2. A Declaration and Attached Power of Attorney Accompanying Application for Extension 
of Patent Term Under 35 U.S.C. §156 (37 C.F.R. §1. 740(b)). 

3. Please charge the requisite fee of $1,060.00 (37 C.F.R. §1.20(j)) and any fee deficiency, 
or credit any overpayment to Deposit Account 07-1060. 



Respectfully submitted, 



E, INC. 



CERTIFICATE OF EXPRESS MAILING 

"Express Mail" mailing number EM539869604US 
Date nf Deposit . ^ "9 ?• 

thereby certify that the above-specified paper (s) and/or fee (s)is being 
deposited with the U.S. Postal Service as "Express Mail" service 
under 37 CFR §7 J0 f in an envelope addressed to Honorable 
Commissioner of Patents and Trademarks. Box Pat. Ext., 
Washington, prf.y 20231, on/^te/fiate of deposit as indicated 
above. 





Reg. No. 31,544 
Attorney for Applicant, 

British Technology Group Limited 
c/o GENETICS INSTITUTE, INC. 
Legal Affairs 
87 CambridgePark Drive 
Cambridge, Massachusetts 02140 
Telephone: (617) 498-8574 
Facsimile: (617) 876-5851 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Patent of ) 
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Patent No. 5,171,569 ) 
Issued: December 15, 1992 ) 

For: FACTOR K PREPARATIONS UNCONT AMNAT ED : " " 

BY PLASMA COMPONENTS OR POX VIRUS °^CBlVBD 

March 6, 1997 ' Wft - 6 /H; 

Honorable Commissioner of Patents PATENT P*t 

and Trademarks A/C PatS S/0N 

Box Pat. Ext. ^ fcN7s 

Washington, D.C. 20231 

DECLARATION AND ATTACHED POWER OF ATTORNEY 
ACCOMPANYING APPLICATION FOR EXTENSION OF PATENT TERM 
UNDER 35 U.S.C. §156 (37 C.F.R. §1.740(b)) 

Dear Sir: 

I, M. C. Meinert, am an attorney authorized to practice before the Patent and Trademark Office 
and have authority from British Technology Group Limited, 101 Newington Causeway, London SE1 
6BU, England (Power of Attorney, attached), to act on its behalf with respect to the accompanying 
application for Extension of Patent Term. 

I have reviewed and understand the contents of the attached Application For Extension of Patent 
Term Under 35 U.S.C. §156. 

I believe that U.S. Patent No. 5,171,569 is subject to extension pursuant to 37 C.F.R. §1.710. 

I believe that, an extension of the length claimed is justified under 35 U.S.C. §156 and the 
applicable regulations. 

I believe that U.S. Patent No. 5,171,569 meets the conditions for extension as set forth in 37 
C.F.R. §1.720. 



USPN 5,171,569 
March 6, 1997 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the patent. 





. Meinert 
kg. No. 31,544 
Attorney for Applicant, 

British Technology Group Limited 
c/o GENETICS INSTITUTE, INC. 
Legal Affairs 
87 CambridgePark Drive 
Cambridge, Massachusetts 02140 
Telephone: (617) 498-8574 
Facsimile: (617) 876-5851 



Signed at Cambridge, Massachusetts, this jn * day of March, 1997. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent of 



) 



Anson, et al. 



) 



Patent No. 5,171,569 



) 



Issued: December 15, 1992 



For: FACTOR IX PREPARATIONS UNCONTAMINATED 

BY PLASMA COMPONENTS OR POX VIRUS 



RECEIVED 



Honorable Commissioner of 
Patents and Trademarks 
Washington, DC 20231 



MAR - 6 1997 



PATENT EXTENSION 
A/C PATENTS 



POWER OF ATTORNEY AND 
APPOINTMENT OF NEW ATTORNEYS 



British Technology Group Limited, 101 Newington Causeway, London SE1 6BU, England, 
as assignee of the above-referenced patent, hereby appoints: 

M.C. Meinert, Registration No. 31,544 of Genetics Institute, Inc., and 

T. J. DesRosier, Registration No. 30,168 of Genetics Institute, Inc. 
to act on its behalf with respect to the prosecution of the Application For Extension of Patent Term 
Under 35 U.S.C. §156 for the above-referenced patent before the Patent and Trademark Office. 

Please direct all correspondence concerning the subject application to: 



M.C. Meinert 

GENETICS INSTITUTE, INC. 
Legal Affairs 
87 CambridgePark Drive 
Cambridge, Massachusetts 02140 
Telephone: (617) 498-8574 
Facsimile: (617) 876-5851 




Respectfully submitted, 



R.Keith Percy 

Principal Patent Attorney 

Authorised Signatory of British Technology 

Group Limited 

101 Newington Causeway 

London SE1 6BU 



United Kingdom 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent of 



Anson, et al. 



Patent No. 5,171,569 



For: FACTOR IX PREPARATIONS UNCONTAMINATED 
BY PLASMA COMPONENTS OR POX VIRUS 



Issued: December 15, 1992 ) 



RECEIVES 
- 6 199/ 



March 6, 1997 




Honorable Commissioner of Patents 

and Trademarks 
Box Pat. Ext. 
Washington, D.C. 20231 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. §156, 
DECLARATION AND ATTACHED POWER OF ATTORNEY 
UNDER 35 U.S.C. §156 (37 C.F.R. §1.740(b)), 
AND ATTACHED EXHIBITS 1-11 



Applicant, British Technology Group Limited, 101 Newington Causeway; London SE1 6BU, 
United Kingdom, is the assignee (Exhibit 1) of the entire interest in and to United States Letters Patent 
No. 5,171,569 granted to Donald S. Anson, George G. Brownlee, and Ian M. Jones on December 15, 
1992; for FACTOR IX PREPARATIONS UNCONTAMINATED BY PLASMA COMPONENTS OR 
POX VIRUS, by virtue of an assignment from the inventors to National Research Development 
Corporation, who in turn assigned its rights to British Technology Group Limited in an assignment 
recorded at the U.S. Patent and Trademark Office on August 11, 1992 under Reel 6243, Frame 0158. 
Acting through its authorized attorneys, the Applicant applies for an extension of patent term under 35 
U.S.C. §156 in accordance with 37 C.F.R. §1.710 et seq. The following paragraphs are numbered in 
accordance with 37 C.F.R. §1.740. 



Dear Sir: 



1 
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March 6, 1997 

(a)(1) Identification of the Product 

The patent for which extension is sought claims recombinant DNA-derived factor IX protein, a 
"product" as defined in 37 C.F.R. 1 .710(b). "Coagulation Factor IX (Recombinant) [hereinafter rFEX] " , ' 
is a product manufactured by the licensee, Genetics Institute. The above-referenced patent was licensed 
by British Technology Group Limited (BTG) to Genetics Institute, Inc. rFIX is a product ready for 
reconstitution and administration to patients. 

Claims 1 and 2 of U.S. Patent No. 5,171,569 (Exhibit 2) claim factor IX protein, the major 
component of the product and claims 3 and 4 are directed to a method of using. 

(a)(2) Identification of the Federal Statute under which Regulatory Review Occurred 

The product is subject to regulatory review under the U.S. Public Health Service Act, 42 U.S.C. 
§201 et seq. 

(a)(3) Date on which Product Received Permission for Commercial Marketing for Use 

The product received permission for commercial marketing or use under the U.S. Public Health 
Service Act on February 11, 1997 (Exhibit 4). 

(a)(4) Identification of Each Active Ingredient in the Product 

Coagulation Factor IX (Recombinant) is the active ingredient of the product and has not been 
previously approved for marketing. 

(a)(5) Statement of Timely Filing 

This application for extension of patent term is being submitted within the 60 day period 
permitted under 37 C.F.R. §1. 720(f), said period expiring on April 14, 1997. 
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March 6, 1997 



(a)(6) Identification of the Patent 



The complete identification of the patent for which extension of term is being sought is: 



Inventors: 
Patent Number: 
Issue Date: 
Expiration Date: 



Anson, et aL 
5,171,569 . 
December 15, 1992 
December 15, 2009 



(a)(7) Copy of Patent 

Exhibit 2 is a complete copy of the patent for which an extension is sought. 
(a)(8) Copy of Any Disclaimer, Certificate of Correction, etc. 
There are none concerning U.S. Patent No. 5,171,569 (Exhibit 3). 
(a)(9) Statement that Patent Claims Approved Product, etc. 

As required by 37 C.F.R. §1. 740(a), the Applicant states that U.S. Patent No. 5,171,569 claims 
factor IX, a major component of the product (claims 1 and 2) and method of using (claims 3 and 4). 

The licensee, Geneticiflnstitute, Inc., cultures, in its licensed manufacturing facility, Chinese 
Hamster Ovary cells (CHO cells) that have been transformed with DNA encoding factor IX and recovers 
from the culture Factor IX protein having procoagulant activity. The protein is purified, concentrated, 
and formulated by the licensee, Genetics Institute, Inc., to produce the product "rFIX." 
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(a)(10) Statement of Relevant Dates and Information Pursuant to 35 U.S.C. §156(g) 
(IND, NDA, and PLA Information) 

The relevant dates and information, pursuant to 35 U.S.C. §156(g), to enable the Secretary of 
Health and Human Services to determine the applicable regulatory review period are as follows: 

The Investigational New Drug Application"(IND) cdri^niihg the product, rFIX, is identified as 
IND No. BB-IND 5920 and has an effective date of January 26, 1995 (Exhibit 11); A Biological License 
Application (BLA) for the rFIX product was filed August 29, 1996, under reference number 96-1048. 
The product was licensed by the U. S. Food and Drug Administration on February 11, 1997 (Exhibit 4). 
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March 6, 1997 

(a)(ll) Brief Description of Significant Activities Undertaken During the Applicable 
Regulatory Review Period 

As a brief description of the activities undertaken by the licensee, Genetics Institute, Inc., during 
the applicable regulatory review period, chronologies of events leading up to licensure and of major . 
communications between the licensee, Genetics Institute, and the Food and Drug Administration (FDA) 
concerning "rFIX" are as follows: 

Exhibit 5 is a chronological record of Genetics Institute's submissions concerning orphan drug 
designation. 

Exhibit 6 is a chronological record of Genetics Institute's rFIX BB-IND 5920 submissions. 
Exhibit 7 is a chronological record of Genetics Institute's rFIX Biologies License Application 
submissions. 

Exhibit 8 is a chronological record of Genetics Institute's miscellaneous submissions. 

Exhibit 9 is a chronological record of Genetics Institute's significant FDA meetings concerning 

rFIX. 

Exhibit 10 is a chronological record of Genetics Institute's significant FDA telephone contacts 
concerning rFIX. 
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March 6, 1997 

(a)(12) Statement of Eligibility and Statement of Length of Extension Claimed and How 
Length of Extension was Determined 

Applicant is of the opinion that U.S. Patent 5,171,569 is eligible for extension of patent term 
under 35 U.S.C. §156 because the patent satisfies all of the requirements for an extension. 

The length of the term of U.S. Patent 5,171,569 claimed by Applicant is 423 days. The length 
of extension was determined pursuant to 37 C.F.R. §1.775 as follows. Paragraph numbering refers-to 
corresponding paragraph numbers in 37 C.F.R. §1.775: 

(c) The regulatory review period under 35 U.S.C. §156(g)(l)(b) began on January 26, 1995 
(30 days after the FDA received BB-IND 5920 on December 27, 1994) and ended on February 11, 1997 
with the licensure of the product, which is a total of 747 days. 

The regulatory review period upon which the period of extension is calculated is the entire 
regulatory period as determined above (747 days) which is the sum of: 

(c)(1) The number of days in the period beginning on January 26, 1995, the date an 
exemption of §505(i) of the Food, Drug, and Cosmetic Act became effective for the product, and ending 
on August 29, 1996, the date the BLA'was filed (581 days), and 

(c)(2) The number of days in the period beginning on the August 29, 1996, the date the 
BLA was filed and ending on the February 11, 1997, the date that the product was approved (166 days). 

(d) The term of the patent, as extended, is determined in accordance with 37 C.F.R. §1.775 (d) 

by 

(1) subtracting from the 747 days regulatory review period: 

(i) the number of days in the regulatory review period which were on or before 
the date on which the patent issued; which is (zero (0)) days, and 

(ii) the number of days during the regulatory review period during which Genetics 
Institute did not act with due diligence, which is zero (0) days, and 



USPN 5,171,569 
March 6, 1997 

(iii) one-half of the number of days remaining in the period defined by paragraph 
(c)(1) of this section (581 days) after that number is reduced by zero (0) days, per (d)(l)(i) and zero (0) 
days per (d)(1)(H); this is 1/2 ((c)(1) less ((d)(l)(i) + (d)(l)(ii)) = 1/2 (581 days minus zero) = 1/2 
((c)(1)) - 290 days) (rounded down), 

(2) adding the number of days in (d)(1), namely (c)(1) + (c)(2) - 290 = 457 days, to 
the original term of the patent, which results in an expiration date of: December 15, 2009 plus 457 days 
= March 17, 2011, 

(3) adding 14 years to the date of approval of the application, namely February 11, 1997, 
which results in an expiration date of February 11, 2011, and 

(4) comparing the dates for the ends of the periods obtained pursuant to paragraphs (d)(2) 
and (d)(3) above and selecting the earlier date, in this case: February 11, 2011. 

(5) Because the original patent issued after September 24, 1984, 

(i) add 5 years to the original expiration date of December 15, 2009, resulting 
in a date of December 15, 2014, 

(ii) and compare the dates obtained in paragraph (d)(5)(i) and paragraph (d)(4) 
and select the earlier date, in this case: February 11, 2011. 

Therefore, the length of extension of patent term claimed by Applicant is from December 15, 
2009 to February 11, 2011, or 423 days. 

(a)(13) Acknowledgement of Duty of Disclosure 

Applicant acknowledges a duty to disclose to the Commissioner of Patents and Trademarks and 
to the Secretary of Health and Human Services any information which is material to the determination 
of entitlement to the extension of term sought. 



7 



USPN 5,171,569 
March 6, 1997 

(a)(14) Prescribed Fee 

Please charge the requisite fee of $1,060.00 (37 C.F.R. §1.20(j)) and any fee deficiency, or credit 
any overpayment, to our Deposit Account 07-1060 as is authorized in the accompanying transmittal letter, 
which is submitted in duplicate. 

(a)(15) Direction of Correspondence 

Please direct all inquiries and correspondence relating to this application to: 

M. C. Meinert, Esquire 
Genetics Institute, Inc. 
Legal Affairs 
87 CambridgePark Drive 
Cambridge, MA 02140 

(a)(16) Certification of Duplicate of Application 

A duplicate copy of this Application, hereby certified by the undersigned to be a true and exact 
copy, is submitted herewith. 

(a)(17) Declaration Accompanying Application 

The Declaration required pursuant to 35 U.S.C. §156, 37 C.F.R. §1.740(b) is attached hereto. 

Respectfully submitted, 



GENETICS INSTITUTE, INC 




Attorney for Applicant, 

British Technology Group Limited 
c/o GENETICS INSTITUTE, INC. 
Legal Affairs 
87 CambridgePark Drive 
Cambridge, Massachusetts 02140 
Telephone: (617) 498-8574 
Facsimile: (617) 876-5851 

p:\amcnd\factorix\tcrm2.cxt 
March 6, 1997 
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U.S Patent 5,171,569 
Basis of as g f anmcnlg 

^personally inspected thcoriginal assignments refetxed to below and have verified 
thereby that British Technology Group Limited aforesaid is.thc assignee and owner of United 
States Patent £171,569. This patent issucdwappl^ f|fed ^ 

1991 as a continuation of application SN 07/403,784 filed September 6. 1989, which was a 
continuation of application SN06/839.215 filed March 13«h, 1986. The inventors assigned their 
rights in application SN 06/839,215 to National Research Development Corporation ("NRDC") 
by an assignment dated March 1 1th, 1986, recorded at the U.S. Patent and Trademark OOke on 
April 28th, 1992 under Reel 6098, Frame 0459 (per USPTO letter, but the stamp show* Frame 
0460). NRDC assigned its rights In Application SN 07/764,073 to British Technology Group 
Limited ("BIG") in a block assignment recorded at the U.S. Patent and Trademark Office on 
August 1 1th, 1992 under Reel 6243, Frame 01 58. At (hat time. NRDC also assigned to BTG its 
rights in Application SN 06/839,215 under Reel 6243. Frame 0161 (notwithstanding that said 
application was at that Unjp- defunct). 

KKITH PERCY 
Principal Patent Attorney 
British Technology Group Limited 
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[57] ABSTRACT 

The blood-clotting protein, factor IX, is synthesized in 
the bod in liver cells, where it undergoes three distinct 
types of post-translational modification before it is se- 
creted into the bloodstream as a 415 amino acid long 
protein. It is therefore a difficult protein to produce by 
recombinant DNA technology in a highly biologically 
active form. Nevertheless, such a result has been 
achieved by the present invention in which typically 
factor IX cDNA in a plasmid is linearized and inserted 
into an expression vector having a promoter sequence 
of SV40 early gene, an SV40 polyadenylation sequence, 
the TK/NEO selectable marker and an ampicillin resis- 
tance gene. Mammalian cells such as from a dog kidney 
or rat liver are transfected by the calcium phosphate 
precipitation method. High levels of factor IX in a fully 
or near-fully biologically active form, useful as a plas- 
ma-free preparation for treatment of patients suffering 
from Christmas Disease (haemophilia B), are obtainable 
without recourse to poxvirus vectors which would 
contaminate the protein. 
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FACTOR IX PREPARATIONS 
UNCONTAMINATED BY PLASMA COMPONENTS 
OR POX VIRUS 

This is a continuation of application Ser. : No. 
07/403.784, filed Sep. 6, 1989, now abandoned which is 
a Rule 62 continuation of U.S. Ser. No. 06/839,215 filed 
Mar. 13, 1986, now abandoned. . 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention -v 
This invention relates to factor IX protein, a protein 

involved in the blood-clotting mechanism of J warm-, 
blooded animals, and its production by recombinant 
DNA technology. " 

2. Description of Prior Art 

Haemophilia B, or Christmas disease, is an inherited, 
X-Iinked bleeding disorder caused by a defect in clot- 
ting factor IX. Injection of factor IX concentrate ob- 
tained from blood donors allows most patients to be 
successfully managed. However, due to impurities in 
the factor IX concentrate in use at present, this treat- 
ment involves some risk of infection by blood-borne 
viruses such as non-A, non-B hepatitis virus and the 25 
virus that causes AIDS. Despite recent apparent suc- 
cess in the heat-inactivation of the virus which causes 
AIDS, non-A non-B hepatitis virus remains resistant, 
see P. M. Mannucci et aL, Lancet (ii) page 1013 (Nov. 2, 
1985). Because of the considerable risk of viral infection 
in haemophiliacs, a factor IX preparation derived from 
a source other than blood is desirable. 

Factor IX DNA was cloned in 1982, see K. H. Choo 
et al., Nature 299, 178-180 (1982), K. Kurachi et al., 
Proc. Nat. Acad. Sci. USA 79, 6461-6464 (1982) and 
European Patent Application Publication No. 107278A 
(NRDC). The work is summarised with sequence data 
and genome maps by D. S. Anson et al., EMBO J., 3 
1053-1060 (1984) as well as in the above Patent Appli- 
cation. 

Factor IX is a plasma glycoprotein which plays an 
essential role in the middle phase of the intrinsic clotting 
pathway where, in an activated form, IXa, it interacts 
with factor VI 1 1(C), phospholipid and calcium ions to 
form a complex that converts factor X to Xa. Factor IX 45 
is synthesised in liver hepatocytes where the 461 amino 
acid long primary translation product (precursor) un- 
dergoes at least two stages of protein processing involv- 
ing peptide cleavage as well as three distinct types of 
post-translational modification, before secretion into the 50 
bloodstream as a 415 amino acid long mature, biologi- 
cally active glycoprotein. 

The post-translational modifications are the vitamin 
K-dependent carboxylation of twelve glutamic acid 
residues, the addition of several carbohydrate residues 
and the beta-hydroxylation of a single aspartic acid 
residue. The first two modifications are known to be 
required for activity. Additionally, "propeptide" and 
"propeptide" sequences totalling 46 amino acids have 
been removed as part of the processing of the precursor 
to give the mature, active protein. The precursor is not 
active in the blood-clotting pathway. Because of the 
complex and specialised nature of the processing and 
these modifications, it seemed probable that the expres- 
sion of active factor IX derived from factor IX DNA 
clones, would present great problems. 

The difficulties of obtaining a fully biologically active 
factor IX protein are amply illustrated by prior art 



which has been published between the priority dates 
and filing date of the present application. 

L. Wasley et al., Blood, Supplement to the November 
1985 issue, page 1256 describe expression of a factor IX 
5 gene in Chinese hamster ovary cells. The cells secreted 
over 100 micrograms/ml of a material having the anti- 
genic characteristics of factor IX but of which only 1.5 
micrograms/ml was native factor DC, i.e. was biologi- 
cally active. The authors commented: "Current efforts 
10 are directed at improving the efficiency of gammacar- 
, boxylation and increasing the percentage of Factor IX 
that is biologically active." 

Transgene S. A. filed a French Patent Application 
8407125 on May 9, 1984 which has been published on 
Nov. 15, 1985 as U.S. Pat. No. 2,564,106. There are 
foreign _ _ counterparts, also published, including 
W085/05125 (Japan, USA) and European Patent Appli- 
cation Publication No. 167420A. These specifications 
describe cloning of the factor IX gene in & coli and 
transfecting mammalian cells by theccalcium phosphate 
precipitation method. Mice embryo fibroblast cells 
were thus transfected, resulting in expression of prote- 
ins of molecular weight 62,000 and 72,000 daltons. Both 
proteins reacted with anti-factor DC antibodies, the 
62,000 dalton protein was shown to be glycosylated, 
and a preliminary study showed that the antigen had 
carboxylated glutamic acid groups. The specifications 
speculated that the proteins thus obtained were factor 
IX precursors. That of molecular weight 62,000 daltons 
appears to be the primary translation product, since its 
extra molecular weight of about 5,000 daltons is readily 
accounted for by its possessing the additional 46 amino 
acids referred to above (assuming airaverage of molecu- 
lar weight of U2 for an amino acid, 46x112 = 5152). It 
is noteworthy that Transgene S.A. did not perform a 
clotting assay or do any other test to indicate that the 
protein precursors described were biologically active. 
In all the circumstances, therefore, the reasonable con- 
clusion is that the Transgene S.A. specifications do not 
40 describe mature, fully or even near-full y biologically 
active factor IX protein. 

It is interesting that Transgene S.A. refer to the possi- 
bility of transfecting bovine kidney (MDBK) and mon- 
key kidney (VERO) cell lines, see page 49 of the French 
specification of May 9, 1984 and in this connection say 
(in translation): "Some results have been obtained from 
the cells N1H-3T3 and LMTK (the mouse embryo 
fibroblasts) and are actually in progress for the lines 
MDBK and VERO". However, in the specifications 
filed at the end of the convention priority year in May 
1985, precisely the same statement (word for word 
identical) appears. The reasonable conclusion is that 
there were considerable difficulties associated with the 
work in progress or that it was not felt worthwhile 
pursuing further the possibility of using these other cell 
lines. 

Transgene S.A. also filed French patent applications 
on May 22, 1984 and Oct. 5, 1984, from which Euro- 
pean Patent Application Publication No. 162782 A pub- 
lished Nov. 27, 1985 claims priority. This specification 
describes expression of factor IX in vaccinia virus and 
cowpox virus. See also H. de la Salle et al., Nature 316, 
268-270 (Jul. 18, 1985). The procedure involves infect- 
ing cells in which the poxvirus grows but which were 
ultimately killed by the virus. This gives high yields 
while the virus is growing, but which rapidly decrease 
to zero (usually within 24 hours). Control of the process 
presents serious problems for this reason and because 



55 



60 



65 



Copy provided by PTCS from the PTO APS Image Data Base on 09/23/1996 



; ' 5,171,569 

3 4 

there are two "biological reactants" requiring careful mation - competent £1 coli, containing a plasmid pIJ5/9 
quality control* the cells and the virus stock. Substantial or the like as defined above, 
amounts of product failed to adsorb to barium sulphate, npspRiPTTONr of thf dr a wrwr q 

indicating that it had only about 50% of the biological BRIEF DESCRIPTION OF THE DRAWINGS 
.--v activity of normal plasma factor IX. An even more 5 FIG. 1 shows schematically a recombinant expres- 

. y serious problem is that the factor IX protein thus pro- sion vector which can be used to transfect mammalian 

duced would have to be purified rigorously to remove cells and which contains human factor IX DNA; 
live poxviral particles and antigens from the dead pox- FIG. 2 is a graph showing factor IX levels expressed 
virus, before the factor IX protein could be given to from a monolayer of confluent mammalian cells trans- 
human patients. Vaccinia virus is a Class 2 human 10 fected with the expression vector of FIG. 1; 
pathogen and can kill people who are seriously im- FIG. 3 shows schematically the formation of another 
munosuppressed. recombinant expression vector which can be used to 

Production of 50-60% biologically active human transfect mammalian cells and which contains human 
factor IX by transfection of Baby Hamster Kidney cells factor IX DNA; 

with factor IX cDNA has been reported by S. Busby et 15 FIG * 4 fe a &*P h showing factor DC levels expressed 

al. f Nature 316, 271-273 (Jul. '18, 1985). - '• from a monolayerof confluent mammalian cells trans- 

The subject matter of the present invention was pub- fected the expression vector of FIG. 3; 
lished by D. S. Anson et al., Nature 315, 683-685 (Jun. FIG - 5 is a line diagram of a DNA fragment used in 
20, 1985). constructing the vector of FIG. 1; and 

20 FIG. 6 shows schematically the method of construc- 
SUMMARY OF THE INVENTION tion of a vector pSVTKneo used as a starting material in 

It has now been found possible to produce an artific- ! he construction of an expression vector for use in the 
ial fully or near-fully biologically active factor IX pro- invention. 

tein by a recombinant DNA process in mammalian cells DESCRIPTION OF THE PREFERRED 

without recourse to poxvirus vectors. - t EMBODIMENTS 

The full or near-full biological activity of the factor ™. . t 

IX protein of the invention can be defined in various T ™T Ven u tl0n 1S a PP. hcab J e Plainly to human factor 
ways. A preferred definition relates to the antigenic 11 COuId , in j*™? 1 ^ be a P^ ,ed t0 f nimaI 

activity of the molecule to its clotting activity (both ln ? lctor I J£ A F °\ CXamP ' b0VmC faCt0 S IX C u°? P em< ?" 
relative to the factor IX of normal blood plasma). Thus, 30 SnSp ™ described m the 

in one aspect the present invention provides biologi! *^J^^ Luf P ^ "f 

cally active recombinant DNA-derived factor IX pro- ^r*?*? t0 TO J^ W " ^ Vine , com P lem f " 
tein having a specific activity defined as ^?~t w h ? Tt be expressed in a simi ar 

. manner to that described here for human factor IX 

35 genes. 

Clotting activity The term "factor IX DNA'* is used herein to mean a 

S^ST DNA complementary to factor IX mRNA or derived 

from the exon regions of the factor IX gene by artifi- 
of at least 90% of that of blood-derived factor IX, and cialIy removin S intron sequences, which would yield 
free from contamination by poxvirus proteins. Alterna- 40 «POJ? translation in vivo a primary protein which can be 
lively or additionally the factor IX protein can be de- m ° dlfied bv carboxylation of its glutamic acid residues, 
. fined as having a molecular weight of about 57 kilodal- * d * tl0r \ of car *>hydrate residues and, if necessary, 
tons and free from contamination by precursor factor W™? ™ of *^P a *! c acid res f ldue as mentioned 
IX to an extent of more thanlO weight % and by poxvi- „ ab ^ e * J 0 f ,V " b * 0 i°f ^ aCt ' Ve faC '° r IX 
rus proteins . DNA em P ! °y ed can be *ny likely to 

D ffl r aM u' r«„*« tv * * r *u • >^ e * d factor IX after modification and will therefore 

Preferably the factor IX protein of the invention is „ nrTn *\u, : n ^u*A- f u „™ja « t 7 +1 Z 

fw«, tv • «- • *i • -i « normally mclude the cDNA complementary to that 

human factor IX protein or sufficiently similar thereto nari rt r t l 0 mPMA „ f v ; „i, r Tu ■ * i 
tr, Ka rJT • r - - * u . rc P art ot tne m RNA which codes for the primary transla- 

n ° b l™t l t le /v Tr PaUemS SUffer ' ' tion P roduct - ™ s lhe wice coding for 

*J™i ! deficiency . 50 amino acids minus 1 to minus 46 designated as "PRE" 

According to an important aspect of the invention „ j « PRO » by Anson et aL , supra , FI £ 6 on 1058 

artificial factor IX protein is prepared by a process "PRE" amino acids form a hydrophobic signal region . 

which comprises preparing a recombinant expression ( _ 46 to _ 21) , « PRO » a hydrophilic precursor region 

vector by lmkmg a factor IX DNA sequence to a pro- ( _ 20 to - 1). "PRE" or "PRCT-coding mRNA sec- 

moter sequence effective to express the DNA in a eu- 55 t i 0 ns could be replaced by foreign sequences, 

karyotic cell incorporating these DNA sequences in a Conveniently therefore the DNA includes a sequence 

vector, and introducing this expression vector into eu- wh ich codes for the precursor region of the primary 

karyotic, preferably mammalian, cells in vitro, the eu- translation product lying to the 5'-end of that part of the 

karyotic cells having or being provided with post-tran- mRNA which gives rise to the mature (biologically 

slational modifying means effective to modify the bio- 60 active) protein. It will also be appreciated that the DNA 

logically inactive product of the expression of the DNA can contain point mutations not affecting the amino 

into biologically active factor IX protein. acids coded for, as well as mutations, deletions and 

Preferred such cells are kidney and liver cells of additions of nucleotides or short sequences thereof 

mammals, including humans. which alter the amino acids but do not materially affect 

The invention further includes specifically mamma- 65 the mature protein. Up to 5% or even up to 10% of the 

lian cells, as defined above, especially from the pre- DNA might be expected to be so varied, 

ferred commercially available dog kidney cell line, For expression a eukaryotic cell or viral promoter is 

transfected with a bacterial host, especially a transfer- required. The Moloney Leukemia Virus LTR promoter 
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and the SV40 early gene promoter have both been used 
successfully. The chosen promoter is linked to the 5'- 
end of the factor IX DNA. Ordinarily each will be 
present initially in its own vector. One of the vectors is 
restricted to excise the DNA and the other restricted to 5 
accommodate transfer thereto of the excised fragment, 
and the two are ligated. It would be expected that other 
viral promoters, such as the thymidine kinase gene pro- 
moter of Herpes simplex virus or the major late pro- 
moter of Adenovirus would be satisfactory. Equally the 10 
factor IX promoter could be used but might be less 
active than the viral promoters. An AAUAAA po- 
lyadenylation signal, N. J. Proudfoot and G. G. Brown- 
lee, Nature 263, 211-214 (1976), is provided by the 
SY40 early gene polyadenlyation region of sequence, 15 
but others including the natural factor IX signal would 
be expected to function satisfactorily. 

The vectors referred to herein are conveniently 
cloned into £1 coli in manner known per se for bulking 
up. . 20 

The expression vector preferably also includes a se- 
lectable marker to enable selection of mammalian cells 
into which the factor IX gene has been introduced. The 
marker may comprise a prokaryotic DNA transposon 
sequence linked . to a eukaryotic DNA promoter se- 25 
quence, as for example in the TK/NEO gene. 

In principle the kind of mammalian cell line most 
likely to be useful in the invention would be a hepatic 
cell or a transformed cell line derived from a hepato- 
cyte. Unfortunately, none of the standard mammalian 30 
cell lines is known to secrete active endogenous factor 
IX. However, the rat hepatoma cell line H4-11-E-C3 
(ATCC 1600) is known to secrete prothrombin which is 
gamma-carboxylated, indicating the presence of a gam- 
ma-carboxylase enzyme which might also serve to car- 35 
boxylate the intermediate protein in the production of 
factor IX. This cell line has-^roved successful, but a 
commercially available dog kidney cell line not known 
to have any such modification "machinery" has proved 
to be even more successful. The cells must inherently 40 
possess or be provided with the necessary means of 
modifying the primary translation product or inactive 
protein to produce a protein which exhibits substantial 
factor IX activity. Cells likely to have the gamma-car- 
boxylase enzyme are liver and kidney cells. Those 45 
which lack it can be supplied with it by cloning the gene 
for this enzyme (by constructing a rat liver cell library, 
amino acid sequencing of parts of the purified carboxyl- 
ase enzyme, constructing oligonucleotide probes, prob- 
ing the library and testing the clones for carboxylase 50 
activity and then transfecting the gamma-carboxylase 
deficient cells with the cloned gene. 

The introduction of the factor IX gene into mamma- 
lian cells may be carried out by the calcium phosphate 
precipitation technique. In this method a solution of the 55 
DNA to be transfected is made up in disodium phos- 
phate. On the addition of calcium chloride, a fine pre- 
cipitate of calcium phosphate is obtained in which 
DNA is trapped. After overlaying cells with this pre- 
cipitate, some cells take up crystals of calcium phos- 60 
phate along with the entrapped DNA. Within the cell 
the calcium phosphate crystals dissolve leaving the 
DNA free in some cases to integrate into the genome. 
Other known means of introducing DNA into cells are 
usable, such as protoplast fusion, W. Schaffner, Proc. 65 
Nat. Acad. Sci.USA 77, 2163-2167 (1980); electropora- 
tion, H. Potter et al„ Proc. Nat. Acad. ScL USA 81, 
7161-7165 (1984) and infection with retroviruses, e.g. 



A. D. Miller et al. t Proc. Nat. Acad. Sci. USA 80, 
4709-4713 (1983). 

The factor IX protein can readily be recovered from 
the medium in which the transfected cells are grown, 
without the need for lysis. The protein is preferably 
purified by affinity chromatography. For this purpose 
an antibody, preferably a monoclonal antibody to factor 
IX, most preferably one which is anti- to a metal ion- 
dependent epitope of factor IX antigen, is attached by 
conventional means to a support material on a column 
and the factor IX - containing product is adsorbed onto 
the column. To elute it, an appropriate metal chelating 
agent, in the case exemplified by Example 3, or a chao- 
trope, in the case exemplified by Examples 1 and 2, or a 
disrupting agent can be employed, and it has been found 
that a mixture of a-high molar concentration of urea, say 
about 6-8M, with an inorganic salt, for example about 

0. 8 to 1.2M of an alkali metal chloride, in admixture 
therewith is particularly useful for this purpose. 

The following Examples illustrate the invention. 

EXAMPLE t 

The general scheme of the preparation and analysis of 
factor IX protein is as follows: 

1. Construction of a factor IX DNA sequence. A full 
length sequence of factor IX cDNA (complementary 
to factor IX mRNA) was prepared. 

2. Construction of an expression vector designed to 
express factor IX protein in eukaryotic cells. This 
vector herein termed pMLV/NEO, was constructed 
from the following component elements. 

(a) a promoter for expression of the long terminal 
repeat (LTR) of the Moloney Leukemia Virus 

(MLV); 

(b) the small t antigen intron of Simian Virus 40 vec- 
tor (SV40); 

(c) the early polyadenylation signal sequence from 
SV40; and 

(d) the TK/NEO gene which provides a marker, by 
which those eukaryotic cells containing the desired 
foreign gene can be selected. 

3. Insertion of the factor IX DNA sequence into the 
expression vector pMI^V/NEO to give recombinant 
DNA plasmid pMLV IX/NEO. 

4. Transaction of a mammalian cell line with the re- 
combinant DNA plasmid pMLVIX/NEO, whereby 
the foreign DNA becomes integrated into the chro- 
mosomal DNA of the cells. 

5. Confirmation of the secretion of fully biologically 
active factor IX by a one-stage clotting assay and by 
inhibition of the clotting activity by the addition of a 
monoclonal antibody to factor IX. 

6. In Example 3 comparative studies of protein mobility 
by gel electrophoresis indicated that the recombinant 
DNA-derived factor IX Protein of the invention was 
free from contamination by precursor factor IX in a 
proportion of more than 10% by weight. The clotting 
data and other results indicate that the same is true of 
the factor IX protein produced in Examples 1 and 2. 
The preparation and analysis of the factor IX protein 

will now be described in more detail: 

1. Construction of a factor IX DNA sequence 
For a detailed understanding of this stage readers are 
recommended to refer to D. S. Anson et al., EMBO J. 
3, 1053-1060 (1984). This paper contains extensive nu- 
cleotide sequence information on human factor IX 
DNA obtained from both factor IX mRNA ("cDNA") 
and from the human genome ("genomic DNA"). The 



Copy provided by PTCS from the PTO APS Image Data Base on 09/23/1996 



5,171,569 

7 g 

genome is about 34 kilobases (Kb) long, which U more nylation signal which was derived from pSVl (a gift 
f~ ™? C , ,Cngth t ° f thC mRNA ' ^ the from Dr Dave * W *rwick). FIG. 5 shows a line £ 
SeTor the RNA ^fer^f ^ d0 "* ^ ° f tWs a PP ro *hnately 0.9 Kb fragment which is 

^«nn !M 6 ™ ,c organisation is shown m the 5 ^oligonucleotide sequence of 21 residues providing a 
The mRN a T^m , , TGA chain te nnination stop codon in each of the 3 

r f-A . ^ UM IOne and COntmnS a P 055 ^^ reading frames. The second derives from the 

but with the first 15 nucleotides inverted and comple- antigen coding regions. The third part derives from the 

So^nMA^ af t read 3 '^ 5 ' ftf" 1 ° f 5 '^ 3 '- 15 Bc "^e,origmall?at nucleotide 27*5 SZftSh 
The fac or IX DNA insert present in cVI was removed- -- die reconstruction ? howh in site (residue 2553) of SV40 

nHH« l 8 S T P ^° f reS,S - w " ""J?"* *> add nucle- tion sequence at residue 2638 as well as parte of the 
sSnd {^L S ^TJ UC]eOUdeS ° f COmct lafge T 3,1(1 ^ region. The small t 

™5f ? ^ ,« „; 20 anti 8 en mtron was included » expression vector in 

lta?SSi^c5?SSft 5 l ° Wa tr r ^ ed CaSC tWs W3S reauired for expression of protein. How- 
irom the factor IX cDNA cVI by digesting cVI (held in ever, the absence of this element in the second exores- 

followed by filling m the overhanging ends with unnecessary. Recombinants containing the 0 9 Kb frae- 

™£7™T e t nph0&ph ?% ^ g ^ ^' enOW fr3g - 25 ment were identified ^ friction mapping and one 
merit of DNA polymerase I (£ coli). After dephosphor- was chosen and designated pMLV. pMLV was re- 
ylation with calf intestinal phosphatase, a partial digest stricted with Pvul and EcoRI, and the Em ends 
with EcoRV was performed. EcoRV recognises the blunt-ended by "filling m" using t^KTeLTfraUen 
sequence GATATC at nucleotides 91-96. A partial of DNA polymerase I. The 4.4 Kb PvSSoWftS- 
digest was necessary because of the presence of an addi- 30 ment containing the MLV LTR, SV40 sequences and 
t.onal EcoRV sue : at nucleotide 508. The resulting lin- most of the pAT153 sequenced was purified by a?arS 
ear fragment of about 4.9 Kb was purified by agarose gel electrophoresis. as punned by agarose 

^P^^^ V «"»"* 8Cner - ^EO^e 1 was then T^lt^l 
ated from the factor IX genomic DNA XI by digesting 35 described by F. Colbere-Garapin et al., J Mo! Bio 
w th fefSiH T t0r P AT ^3/PvuII/8) 150. 1-4 (1981). It was constructed by linking the euTr- 

Z tZl^ ? l S l \ ove u rh f an S ,n g ends wit « d eox- yotic promoter region (EPR) for the transcription of 
ynucleos.de triphosphates^ before, in the presence of the TK gene in Hefpes Simplex Virus type I to th^well 

Sv SlbeS ? P dG , TP ^ reC , Utti " 8 WUh kno ™ tranS P OSOn Tn5 which «*« for the Tnz^me 
i ?7' IT , 1 ^ e,1 5 d L fra g ment . corresponding to nu- 40 aminoglycoside-3'-phosphotransferase type II (APH(- 

SeAnl e " al 6 ° f Sen ° miC D J? A ' ^ F J G - 4 ° f 3 >°) COnferrin « kanam ' cin stance ma^mi 
^ Mv ,™ pap f ' was *P«™ted «rom other TaqI lian cell lines were transfected with this TK/NEO gene 

bv i !h g r ? d f nVed [ r ° m tHe plaSmid VCCt0r they exhibited resistance 10 t^ aminoglycoside G41 8 ! 

TlS 4 9 Kb^nd 6 01 S° P f° reS1S - ,• a " 3ntibi0tiC ' thuS indicatin * that the A PH( 3 >" gene 

I he 4.9 Kb and 0.1 Kb long fragments were hgated 45 had become incorporated and the APH(3*)-II enzvme 
together with T4 DNA ligase. the resultant recombi- expressed in the eukaryotic DNA ofVhe marSS 

s n , a a nd C a TZ:i E S 0! ' W3S J SOlated f d ^ racterised ^ ""s. The TK/NEO gene is thus a vLuabl?Snam 

standard methods and designated p5'G/3'cVI. This selective marker in eukaryotic cells 

reconstructed factor IX gene therefore contained the The TK/NEO gene and part of the amp-r gene was 

mRNTeffSv HH- g l ° \* 572 ° f the 50 pUrif,ed 35 3 PvuI/BamHI fragment frZthf Ssm^ 

mRNA effectively adding nucleotides 1-24 to and cor- vector pTM, F. G. Grosveld et al.. Nucleic Acids Re- 
recting the rearrangement in the first 15 residues of search 10. 67 1 5-6732 (1 982).^eBamHI end was made 
clon 'J 14 also c °f»"ed 8 extra nucleotides, geno- blunt-ended by "filling in" (see above) This fragment 
mic DNA rescues 288-295 derived from the presumed was then ligaLl to L P MLV-derived PwSSS 

In, e, ^- Pf ?? " re , gl0n • bUt ! hCSe rCSidUeS 3101,5 " e 55 ha ^ ent ^"8 T4 DNA ligase and recomWnaWs^ 
not sufficient o specify promotion. i ec ted on ampkillin. Note that the PvuS Sternints 

1 Construction of expression vector pMLV/NEO the amp-r gene so that in this ligation^ ^ a^p rTene 
TK? ThTr/nATm 'J fr °"? thC p ^ p ™. ^ reconstructed in part from one fragmented L. pS 
HW r?J^ P * COntamln 8 the 'hy^' from the other. The structure of recombinants w^s 

dine kinase (TK) gene as a marker and the Moloney 60 checked by restriction mapping and one clone desT 

iSST ™™l ? Lon S Tem r ,R t e P eat «ated pMLV/NEO. was usTd m the next suge * 

EE ', Plasrnid was restricted with Hin- 3. Insertion of factor IX DNA sequence into plasmid 

dill and BamHI to remove the TK coding section of pMLV/NEO to form recombinant Sasm rf 

sequence. The remainder of the molecule (pAT153 and pMLVIX/NEO recombinant plasmid 

!£ L iT P ^ rifled by aga r 0Se f ' electro P hore - 65 The isolated factor IX DNA from Stage 1 was then 

^^^^^^/SJ^ ° Tan , ^ "Eft int ° <he HindI11 Si,C ° f the session veSor 
rose gel-punfied 0.9 Kb BamHI/HindHI fragment con- pMLV/NEO from Stage 2 by the use of T4 DNA liease 

taimng the SV40 small t mtron and early gene polyade- and the KJenow fragment of DNA r^rasf l 
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Clones containing the factor IX DNA insert in the dising species was detectable in the control hepatoma 
correct orientation were identified by restriction map- cell line H4-II-E-C3. 

ping, and one such clone, pMLVIX/NEO, was used in 5. Confirmation of the secretion of human factor IX 
the next stage. FIG. 1 of the drawings shows Cells were seeded at 10% confiuency in a monolayer 
pMLVIX/NEO. The factor IX and TK/NEO tran- 5 in an 80 cm 2 flask containing 10 ml of medium (MEM, 
scription units are indicated by arrows which indicate 10% FCS containing penicillin, streptomycin, kanamy- 
the 5'— 3' direction of the mRN A. transcribed from cin and 100 ng/ml vitamin K). The medium was 
these genes. (Note for.lay readers: since the cDNA in changed every 24 hours and the conditioned medium 
the plasmid is double-stranded, it is meaningless to spec- assayed by an ELISA for human factor IX. The ELISA 
ify a direction of the DNA itself. Only one of the two 10 was done by first binding 0.2 ml of a mouse anti-factor 
strands would be transcribed into RNA and the arrow IX monoclonal antibody 3A6, diluted 1 in 5000 in 200 
indicates the 3'-»5' direction of the strand which is mM sodium carbonate pH 9.0 to microtitre wells at 
transcribed). pAT153 sequences are shown by the nar- room temperature for two hours. 150 microlitre samples 
row filled line (1), the TK/NEO gene by the zig-zag of conditioned medium were then bound overnight at 4 
line (2). The factor IX transcription unit, from 5' to 3', 15 C. The second antibody, 150 microlitres of rabbit anti- 
consists of the MLV LTR (solid triangles, 3) factor-IX human factor IX (Calbiochem-Behring), diluted 1 in 500 
5' non-coding sequence (open wide line, 4), factor IX in PBS, 1% NP40, 10% horse serum, was then bound at 
coding sequence (filled wide line 5) part of the factor IX room temperature for two hours. The third antibody, 
3' non-coding sequence (open wide lines, 6) and SV40 peroxidase-conjugated swine anti-rabbit IgG (Dako), 
sequences (diagonals, 7). The total length of the DNA is 20 was bound in the same manner. The assay was finally 
about 9.0 Kb. developed with 0.2 ml of 40 mM ABTS (azinodi-(3- 

4. Transfection of a mammalian cell line with the ethylbenzthiazole-sulphonic acid)-diammonium salt) in 
recombinant plasmid pMLVIX/NEO carrying a 0.008% H 2 0 2 in 50 mM citrate buffer pH 4.0 for 30 to 45 
human factor IX gene minutes. Colour change of the solution was then mea- 

The rat hepatoma line, H4-11-E-C3 deposited at the 25 sured at 405 nm in a spectrophotometer. A standard 
American Type Culture Collection as an open deposit curve was constructed using 2-fold dilutions of normal 
ATCC 1600, was transfected with the factor IX expres- plasma in the range of 10-* to 10~ 5 dilution assuming a 
sion plasmid by calcium phosphate precipitation, as concentration of 5 micrograms/ml for plasma factor IX. 
follows. The DNA of interest was made up in HBS The secreted factor IX was tested for its adsorption 
buffer to a concentration between 10-50 micrograms 30 onto barium sulphate by the procedure of K. Fujikawa 
ml-1 The HBS buffer contains 137 mM NaCI, 5 mM et al., "Methods in Enzymology", Volume 45, Aca- 
KCI, 0.7 mM Na 2 P0 4 , 5 mM glucose, and 20 mM demic Press 1976, page 77. This procedure depends on 
Hepes pH 7.05. CaCl 2 was added from a concentrated the gamma-carboxylation of the factor IX precursor 
(2.5M) stock to a final concentration of 0.125M. The and the positive values accordingly indicated gam- 
mixture was left at room temperature for 30 minutes 35 macarboxylation. 

during which a fine precipitate formed. The precipitate FIG. 2 of the drawings shows the time course of the 
was layered onto the washed' monolayer of tissue cul- secretion of human factor IX by cell line 4A together 
ture cells and left at 37° C. for 30 minutes. The mono- with the results of the barium sulphate adsorption test, 
layer was then overlayed with complete growth me- The solid squares indicate factor IX levels, the solid 
dium and incubation was continued overnight at 37° C. 40 circles the levels of BaS0 4 — adsorbed factor IX toe 
The following morning the medium and precipitate open squares the degree of confiuency of the cells. The 
were removed and replaced with a solution of 15% rate of secretion of factor IX was about 6 ng/10 
glycerol. After incubation at room temperature for 2-3 cells/24 hours. As the recovery of factor IX is not cor- 
minutes the glycerol was removed and replaced with rected for possible losses in the procedure, it is not clear 
fresh medium. Cells containing a functional TK/NEO 45 from this experiment alone whether about 70% of the 
gene were selected for G418 resistance by the addition factor IX has gamma-carboxyglutaraic acid residues, or 
ofG418 at 400 micrograms/ml 48 hours after the trans- alternatively, that the material is all gamma-carbox- 
fection and glycerol shock treatment and 24 of the re- ylated and there are losses of about 30% in recovery, 
sultant colonies were amplified by growing in 0.7 cm The fact that activity correlates well with antigen level 
diameter wells of a 96- well multititre dish. Cells were 50 (see below) indicates that the latter is the correct expla- 
removed from such wells by standard trypsin treatment, nation. No factor IX was detectable in lysates of the 4A 
counted ' in a haemocytometer, diluted to about 3 cells, indicating that there was insignificant accumula- 
cells/ml of medium and then 0.2 ml was dispensed into tion inside the cell. No cross-reacting material was de- 
each well of a new 96- well dish. Colonies grew in about tected either in control H4-1 l-E-C3-conditioned media 
10 weeks and one of each set was chosen as the perma- 55 or in cell lysates. 

nent cell line. It was then grown up and the growth Clotting and antigenic analyses of a sample of affini- 
medium assayed for the presence of secreted human ty-purified human factor IX from conditioned medium 
factor IX using an enzyme-linked immunosorbent assay of line 4 A cells as well as from a parallel control sample 
(ELISA) as described in Stage 5 below. Four of the cell of H4-11-E-C3 cells were performed, 
lines secreted detectable levels of factor IX. The highest 60 The human factor IX sample from 1.5 litres of condi- 
producer, line 4A, was chosen for further analysis. tioned media from line 4A cells, and the control sample 
Southern blot analysis indicated that there was only 1 from the same volume of H4-1 1-E-C3 cells were pun- 
copy of the plasmid integrated into chromosomal DNA fled by barium citrate adsorption and immunoafTmity 
per cell. Northern blot analysis of total cellular RNA chromatography. An anti-human factor IX antibody 
derived from line 4A revealed the presence of a /actor 65 affinity column was prepared by binding the 3A6mono- 
IX mRN A species of about .1.6 Kb, which is the ex- clonal antibody, purified from ascites fluid by sodium 
pected size of the factor IX transcription unit. In both sulphate precipitation, to the support Affigel 10 (Bi- 
the Southern and Northern blot analysis no cross-hybri- orad) using conditions recommended by the manufac- 
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turer. Thus the human factor IX sample to be bound 
was passed twice over the column (column volume 
=0.3 ml) and it was then washed with over 100 volumes 
of PBS, \% NP40 and a similar volume of PBS, 1M 
NaCl, \% NP40. Finally the column was then rinsed 5 
with 5 volumes of PBS, 1M NaCl and eluted with a 7M 
urea, 1 M NaCl eluant collecting 0.4 ml fractions. The 
first three fractions were pooled and immediately di- 
alysed overnight against 2% PBS at 4° C. followed by 
freeze-drying. The samples were finally dissolved in 200 to 
rnicrpiitres water. They were then assayed by ELISA 
as previously described and subjected to the clotting 
assay. 

Factor IX clotting activity was measured, using the 
one stage clotting assay in which factor IX deficient 15 
plasma is used as a substrate see D. E. G. Austen et al., ...... 

"A Laboratory Manual of Blood Coagulation", Black- 
well Scientific Publications (1975). Human factor DC 
antigen was measured by ELISA. Both are given as 
percentages of average normal plasma levels. The inhi- 20 
bition effect of the anti-human factor IX monoclonal 
antibody 3A6 was measured by preincubation of the 
sample to be tested with a final concentration of 2.5% 
3A6 ascites fluid for 15 minutes at room temperature. 

Bovine factor.IX antigen was measured in arbitrary 25 
units and was assayed by a quantitative ELISA as fol- 
lows. Dilutions of pure bovine factor IX were diluted in 
200 mM sodium bicarbonate pH 9.0 buffer and dried 
onto microtitre plates. Bovine factor IX was then de- 
tected with a polyclonal rabbit anti-bovine factor IX 30 
antibody and a peroxidase conjugated swine anti-rabbit 
IgG antibody, as for the ELISA for human factor IX 
previously described. 

Results of these analyses are shown in Table 1 below: 
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.. TABLE 1 

Analysis of clotting factor IX activity 
and human and bovine factor IX antigen in 

purified sample from cell line 4A 

Assay Cell Line 4 A H4- 1 1 -E-C3 



Clotting (%) 7 1 

Clotting of sample + < 1 < l 

3A6 monoclonal antibody (%) 

Human factor IX antigen (%) 6.8 not determined 

Bovine factor IX antigen '6.8 1.2 



35 



40 



Specific activity = Clottinp activitv = 7 

Antigen concentration 6,8 



45 



= 100% 



The purified human factor IX protein of the invention 
from 4A cells was found to be active in a one stage 50 
clotting assay, giving an activity level of 1% of normal 
plasma. Only 1% activity was found in the control from 
H4-11-E-C3 cells, and this was presumably caused by 
the trace amounts of bovine factor IX which were 
found in both line 4A and control samples. An ELISA 55 
was therefore performed for bovine factor IX antigen 
and this indicated the presence of trace amounts in both 
line 4A and control cells. Further evidence that the cell 
line 4 A is secreting biologically active human factor IX 
protein was provided by determining the inhibitory 60 
effect on the human factor IX of the specific antihuman 
factor IX monoclonal antibody 3A6 in the clotting as- 
say. Control experiments showed that this antibody 
does not significantly inhibit bovine or rat factor IX 
activity at the concentration used. 65 

The. fact that the activity level, 1% (of normal 
plasma), in the line 4A sample correlates well with the 
human factor IX antigen level, 6.8% (of normal 



plasma), suggests that the protein is fully active. It was 
concluded from these results that line 4A cells secrete 
fully biologically active human factor IX. 

EXAMPLE 2 

In this Example a different mammalian cell line, one 
from a dog kidney, and a different promoter were used. 
A vast increase over Example 1 in the amount of factor 
IX produced was achieved. 

FIG. 3 of the drawings illustrates schematically the 
preparation of recombinant DNA containing the factor 
IX gene, as described in stages 1-3 below. As in FIG. 1, 
arrows indicate the direction of transcription of the 
RNA. 

1. Construction of a factor IX DNA sequence 
This is as described "in Example 1 . 

2. Construction of expression vector pKG5 

pKG5 is a derivative of pSVTKneo, a plasmid ex- 
pression vector which combines the SV40 early gene 
promoter and tenninator derived from pSV2, see R. C. 
Mulligan et al. f Science 209, 1422-1427 (1980), with the 
TK/NEO gene derived from the vector pTM, see Ex- 
ample 1. 

The construction of pSVTKneo is illustrated in FIG. 
6. The plasmid pSV2 was digested with BamHI and 
Pvul, whereby two fragments were obtained. The 
smaller was discarded. The larger fragment (which 
contains a Hindi II site) contained part of the ampicillin 
resistance gene, which was cleaved at the Pvul site, and 
the whole of the SV40 early gene promoter and po- 
lyadenylation sequence. The BamHI cleavage cut pSV2 
at the end of the SV40 gene sequences. Separately, 
pTM was digested with the same enzymes and the 
larger the ampicillin resistance gene, again cleaved at 
the Pvul site, and also the TKneo sequence which pro- 
vides G418 resistance (see Example . 1, section 2). The 
BamHI site lies beyond the TKneo sequence. On liga- 
tion of the two fragments using T4 DNA ligase the 
amp-r gene is reconstructed and the TKneo sequence 
and SV40 sequence are assembled in the same plasmid. 

The unique Hindlll site in pSVTKneo was altered by 
the addition of an oligonucleotide to provide two fur- 
ther unique restriction sites for enzymes BamHI and 
Xhol, as described below. Plasmid pKG5 was con- 
structed from the plasmid pSVTKneo. This construc- 
tion was designed to add unique restriction sites to 
pSVTKneo in order to increase its general usefulness as 
an expression vector. Construction details were as fol- 
lows: (1) pSVTKneo was digested to completion with 
BamHI and blunt-ended using Klenow fragment of 
DNA polymerase I. The blunt-ended molecule was 
self-ligated and the resultant circular molecule trans- ' 
formed into £1 colL The resultant plasmid, designated 
pKG3, differs from pSVTKneo in that it has acquired 
four extra base pairs and, as a result has lost the BamHI 
site of pSVTKneo. (2) pKG3 was digested to comple- 
tion with Hindlll and blunt-ended with the Klenow 
fragment of DNA polymerase I. The resultant fragment 
was then ligated to a double stranded synthetic deox- 
yoligonucleotide: 

(5')CTCGAGGATCCA(3*) 
(3')GAGCTCCTAGGT(5') 

encoding the restriction sites for BamHI (GATCC) and 
Xhol (CTCGAG), and the ligation products were 
transformed into E. voli. From the transformants, a 
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plasmid designated pKG5 was isolated with the unique 
restriction sites for Hindlll (re-created upon successful 
ligation) BamHI and Xhol with the orientation of sites 
as shown in FIG. 3. 

3. Insertion of factor IX DNA sequence into plasmid 5 
pKG5 to form recombinant plasmid pi J 5/9 

1 microgram of p5'G/3'cVI DNA was digested to 
completion by restriction enzymes BamHI and Hindlll 
and the band containing factor IX sequences electro- 
eluted from an agarose gel. About 100 ng of the eluted 10 
material was ligated with 100 ng of plasmid pKG5 that 
had previously been digested to completion by BamHI 
and Hindlll. The ligation mixture was used to trans- 
form & coli MC1061 and one transformant, pLJ5/9 t was 
shown to have the desired genotype by detailed restric- 15 
tioh analysis. 

The recombinant plasmid pIJ5/9 in R coli MC1061 
has been deposited as a patent deposit under the Buda- 
pest Treaty on the International Recognition of the 
Deposit of Micro-organisms for the Purposes of Patent 20 
Procedure, at the National Collection of Industrial Bac- 
teria, Torry Research Station, PO Box 32, 135 Abbey 
Road, Aberdeen, Scotland, AB9 8DG, on Jun. 13, 1985 
under the number NCIB 12103. 

4. Transfection of a mammalian cell line with the 25 
recombinant plasmid pIJ5/9 carrying a human factor 
IX gene 

pIJ5/9 was introduced into MDCK cells dog kidney 
cells available from Flow Laboratories Inc., by calcium 
phosphate — mediated transformation, see Example 1. 30 
pIJ5/9 contains the TK/NEO gene and selection was 
therefore made for G418 resistance. Cells were grown 
in DMEM, 10% FCS containing penicillin, streptomy- 
cin, kanamycin and '/Fungizone" as well as 800 micro- 
grams/ml of antibiotic G418 ("Geneticin", GIBCO). 35 
Three clones obtained from the transfection of one 9 cm 
diameter petri dish were subsequently transferred into 
separate wells (volume of well =2 ml) of a multi-well 
plate and allowed to grow to confluence. When conflu- 
ence had been reached, the medium overlaying each 40 
clone was removed and analysed for the presence of 
human factor IX antigen. 

5. Confirmation of the secretion of "human factor IX 
The media from the clones of dog kidney (MDCK) 

cells transformed with the recombinant DNA plasmid 45 
were assayed by sandwich ELISA (see Example 1). 
Two clones proved negative, whilst media from the 
third, labelled clone 593, contained human factor IX 
antigen at a level of more than 10 ng/ml (10 ng/ml was 
the upper limit assayable in this experiment). Further- 50 
more, a sample of medium from clone 593 was adsorbed 
for 30 minutes in the presence of barium sulphate (see 
Example 1). After this incubation, the clarified medium 
was again assayed for factor IX antigen. 100% of the 
antigen present was removed by this pretreatment indi- 55 
eating the successful gamma-carboxylation of factor IX 
by MDCK cells. 

In order to test further the factor IX product of clone 
593, 50 ml of conditioned growth media were prepared 
as follows. Five 80 cm 2 flasks were each seeded with 60 
593 cells in 10 ml of G418 medium. The flasks were left 
4 days until they became confluent and the media were 
then harvested, pooled, and assayed quantitatively by 
ELISA for human factor IX antigen. The sample con- 
tained 60 ng per ml of factor IX, which is about 1.2% of 65 
the concentration found in normal human plasma. 

50 ml of this material was purified by passing once 
through a factor IX monoclonal antibody immunoaf- 
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finity column (as described in Example 1) and the bound 
factor IX antigen was recovered in 1.5 ml of eluant. ' 
This preparation was assayed by ELISA and by clot- 
ting assay, as described in Example 1. The results of 
these assays are shown in Table 2, again as % of normal 
human plasma. 



TABLE 2 



Analysis of clotting factor IX 




activity and human factor IX antigen 




in purified sample from cell line 593 




Assay Clotting (%) 


15 


Clotting, of sample + 3A6 monoclonal antibody (%) 


0 


Human factor antigen (%) 


15 


„ .„ ^ Clotting activitv 15 
Specific activity _ Anligen ^nccntration " 15 " 


100% 



The following conclusions can be drawn from the anal- 
yses: 

(a) Human factor IX is produced and secreted by cell 
line (clone) 593. 

(b) After growth to confluence, line 593 cells secrete at 
least 60 ng/ml factor IX antigen into the medium. 
This is gamma-carboxylated and remains its ability to 
bind the factor IX monoclonal antibody. 

(c) Based on the binding to monoclonal antibody 3A6, 
1,125 micrograms of human factor IX was recovered 
from a total of 3 micrograms applied to an immunoaf- 
finity column (a recovery of 37.5%). 

(d) The factor IX is fully active biologically as indicated 
by levels of antigen and clotting activity in the affini- 
ty-purified sample. 

The amount of factor IX antigen produced by cell 
line 593 under normal growth condition was measured 
as follows. Cells of line 593 were seeded to a density of 
50% confluence in a 25 cm 2 tissue culture flask. The 
culture was overlaid with 2 ml of growth medium and 
incubated at 37* C. in a humidified incubator. At daily 
intervals the conditioned medium was removed and 
replaced with fresh. 

Factor IX antigen was assayed in each sample by a 
quantitative ELISA assay and the results plotted as 
shown in FIG. 4. It will be seen that the cells at 50% 
confluence or greater, secrete in the order of 100 ng/ml 
factor IX antigen per day (a level equal to about 2% of 
that found in normal serum). 

The unusually high value on day 1 could be due to 
carry-over in the inoculum sample and the 200 ng/ml 
value found on day 6 represents the accumulated factor 
IX of 2 days secretion. 

EXAMPLE 3 

In this example, another dog kidney cell clone, clone 
C6, was isolated, which gave an improved yield of 
factor IX protein of the invention to that of clone 593 
reported in Example 2 above. This improved cell line 
was grown in Spinner culture over a period of 3 weeks 
in the absence of antibiotic G418 to establish its utility 
for producing factor IX protein in large amounts and in 
a continuous process without the requirement for antibi- 
otic G418, at considerable saving in expense. 

Factor IX protein from clone C6, purified by a 
slightly different immunoaffinity method to that de- 
scribed in Example 2, again gave material which was 
more than 90% biologically active and was shown to 
have greater than 90% of the rDNA factor IX protein 
of the invention as the correct molecular weight prod- 
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400 ml of DMEM, 10% FCS containing penicillin, 
streptomycin, kanamycin and "Fungizone" in a com- 
mercial Spinner vessel (Techne). No antibiotic G418 
was added to the medium, preliminary experiments 
having shown that there was no difference in the yield 5 
of factor IX obtained from the clone 593 described in 
Example 2 above when it was cultured over a period of 
14 days (including 2 sub-culturing steps), whether or 
not the antibiotic was present in the medium. 

Samples were removed from the Spinner culture and 10 
assayed for factor IX antigen by the ELISA method 
(see above). The concentration of factor IX in the me- 
dium rose to a plateau at 6-8 days of 375 ng/ml. Replac- 
ing the spent medium with fresh medium allowed the 
cells attached to the microcarriers to synthesise more 15 
factor IX, which then reached a concentration of 280 
ng/ml in the medium on day 12. A further medium 
change on the day 12 allowed cells to continue to pro- 
duce more factor IX, reaching 150 ng/ml on day 17. 

It was concluded that clone C6 can produce factor 20 
IX over a period of 2-3 weeks from a microcarrier 
suspension without the need for and expense of the 
addition of antibiotic G418. This experiment and repeti- 
tions thereof show that yields of factor IX are 150 to 
200% higher in Spinner culture than in stationary cul- 25 
ture flasks, presumably because of the rugher density of 
cells present per unit volume of medium. 

5. Purification and activity of factor IX derived from 
cell line C6 in Spinner culture 

Two litres of conditioned media from two experi- 30 
ments similar to that of section 4 above were pooled and 
the factor IX protein concentrated by adsorption on 
barium sulphate. After elution, the protein was sub- 
jected to immunoaffinity chromatography using the 
mouse monoclonal antibody A7 specific for a metal ion 35 
dependent epitope on the light chain (N-terminal re- 
gion) of factor IX (a gift from Dr. K. Smith, University 
of New Mexico, AlbuquerqueT USA), who also pro- 
vided the chromatographic protocol. The affinity col- 
umn was prepared by activation of Affigel 10 (BioRad) 40 
resin using the monoclonal antibody as recommended 
by the manufacturer which gave a column material with 
8 mg antibody bound per ml or packed resin (and with 
a capacity of purification of approximately 4 mg of 
factor IX per ml of resin). The factor IX sample was 45 
loaded (at 4° C.) n "initial buffer" comprising 0.5M 
NaCl, 0.02 M Tris/HCl, pH 7.2, 0.02M MgCl 2 , 0.001M 
phenylmethylsulphonyl fluoride (PMSF), and the col- 
umn washed with 100 column volumes of "initial 
buffer". The column was then washed with 50 volumes 50 
"high salt buffer" in which 1M NaCl replaced the 
0.1 5M NaCl of the "initial buffer", factor IX was eluted 
using the "elution buffer" which differed only from 
"initial buffer" in that 0.02M MgCb was replaced with 
0.02M EDTA and the PMSF was omitted. Human 55 
factor IX was assayed in the subsequent 20 ml fractions 
by ELISA and the factor IX containing fractions were 
pooled and dialysed against 0.1 5M NaCl, 0.02M 
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Tris/HCl pH 7.2. 4 ml of dialysate was obtained which 
contained 12.0 micrograms/ml of human factor IX ami-' 
gen as assayed by quantitative ELISA. Table 3 below 
shows the results of the ELISA for antigen and for a 
one stage clotting assay as described in Example 1. 
Percentages are those of normal human plasma. 

- TABLE 3 

Analysis of clotting activity 
and human factor IX antigen in purified 
sample from Spinner cultured cell Hne C6 
Assay Cell line C6 



Clotting (%) 

Human factor IX antigen (%) 



240 
264 



Specific activity = A ? ottin * activit Y . = 9Wo 

r ' Antigen concentration 



240 
264 



It was concluded from these results that the C6 cells 
secrete near-fully biologically active factor IX protein. 
We claim: 

1. A plasma-free preparation suitable for use in the 
treatment of human patients suffering from deficiency 
of factor IX, said preparation comprising as active in- 
gredient biologically active recombinant DNA-derived 
factor IX protein derived from a single human individ- 
ual and which (1) essentially has the amino acid se- 
quence of human factor IX protein, (2), is free from 
contamination by poxviruses and by all human plasma 
constituents, and (3) has a specific activity defined as 
the concentration of test sample required to clot a given 
volume of factor IX-deficient plasma in a given time by 
the kaolin-cephalin method divided by the concentra- 
tion of the factor IX protein in the test sample as deter- 
mined by ELISA, of at least 90% of that of average 
normal human plasma. 

2. A preparation according to claim 1, wherein said 
factor IX protein has a specific activity of 100% 

3. A method of treating a human patient suffering 
from a deficiency of factor IX, said method comprising 
the step of administering to said patient a plasma-free 
preparation comprising as active ingredient a biologi- 
cally active recombinant DNA-derived factor IX pro- 
tein derived from a single human individual which (1) 
essentially has the amino acid sequence of human factor 
IX protein derived from a single human individual 
which (1) essentially has the amino acid sequence of 
human factor IX protein, (2) is free from contamination 
by poxviruses and by all human plasma constituents, 
and (3) has a specific activity defined as the concentra- 
tion of test sample required to clot a given volume of 
factor IX-deficient plasma in a given time by the kaolin- 
cephalin method divided by the concentration of factqr 
IX protein in the test sample as determined by ELISA, 
of at least 90% of that of average normal human plasma. 

4. A method according to claim 3, wherein said factor 
IX protein has a specific activity of 100%. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Patent of 



Anson, et al. 
Patent No. 5,171,569 
Issued: December 15, 1992 
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For: FACTOR IX PREPARATIONS UNCONTAMINATED 
BY PLASMA COMPONENTS OR POX VIRUS 

Honorable Commissioner of 
Patents and Trademarks 
Washington, DC 20231 

APPLICATION FOR EXTENSION OF 
PATENT TERM. STATEMENT 
RE: 37 CFR 1. 740 (a) (8) 

RICHARD KEITH PERCY declares as follows. 
1. I am the British instructing attorney having knowledge of the history of the 
prosecution of the above-named US Patent 5,171,569 and copies of the papers transmitted to 
him by the US attorneys who prosecuted the application. I am a certified British and 
European Patent Attorney employed by British Technology Group Limited of 101 Newington 
Causeway, London SE1 6BU, the assignee of the above-named patent. 
2. I have checked my file and, having done so, state that there is no disclaimer, certificate 
of correction or re-examination certificate issued in the patent. I do not possess a receipt (US 
Patent & Trademark Office statement) for. the maintenance fee payment. I have been advised 
by our US attorneys who handled the matter that the maintenance fee was paid to the Patent 
and Trademark Office m due time by Computer Patent Annuities, acting on behalf of the said 
US attorneys. I have been further advised that the statement has not yet been transmitted by 
Computer Patent Annuities to our US attorneys. For these reasons I am unable to provide a 
copy of the maintenance fee receipt at this time. 

3. I am authorised by British Technology Group Limited to make this Declaration. 
4- I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true and further that 
these statements were made with the knowledge that wilful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of title 18 of the 
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United States code and that such wilful false statements may jeopardize the validity of the 
instant patent. 
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Public Health Service 



Food and Drug Administration 
1401 Rockville P&9 
Rockville MD 20852-1448 

February 11, 1997 



Reference Number 96-1048 



CarlKIIlian, PhJD. 
Vice-President, Technical Affairs 
Genetics Institute, Inc. 
One Burtt Road 
Andover, MA 01810 

Dear Dr. Mian: 

Enclosed is a biologies license issued in accordance with the provisions of section 351 of the 
Public Health Service Act. This license authorizes Genetics Institute to manufacture and ship for 
sale, barter or exchange in interstate and foreign commerce Coagulation Factor iX 
(Recombinant). Coagulation Factor IX (Recombinant) is indicated for the control and prevention 
of hemorrhagic episodes in patients with hemophilia B, including the peri-operative management 
of hemophilia B patients undergoing surgery. 

Under this license you are authorized to manufacture Coagulation Factor IX (Recombinant) in 
nominal strengths of 250^500 and 1000 I.U, per vial 7 under a contract manufacturing agreement 
with Sanofi Winthrop Pharmaceuticals. Change to the product, production process, equipment, 
facilities, or responsible personnel is required to be reported to FDA as specified in 21 CFR 
314.70 and 601.12. 

The dating period for this product shall be 24 months from the date of manufacture when stored 
at 2-8 °C 7 during which period storage at room temperature not to exceed 25 °C for up to 6 
months is also permitted. The date of manufacture shall be defined as the date of the initial sterile 
filtration of the formulated bulk. Results of ongoing stability studies should be submitted 
throughout the dating period as they become available. 



We acknowledge your commitment to continue the following clinical studies in order to fully 
characterize the thrombogenicity and immunogenicity of Coagulation Factor IX (Recombinant) ' 
and its safety profile in previously untreated patients: 

C9408-21 Safety and Efficacy of Coagulation Factor IX ( Recombinant) in Previously 
Treated Patients with Moderate or Severe Hemophilia B. 
All patients currently enrolled in this study will continue in the study for a 
period of 2 years. 

C94 18-21 Study of the Safety and Efficacy of Coagulation Factor IX ( Recombinant) in 
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Previously Untreated Patients with Severe or Moderate Hemophilia B 
Approximately 30 patients with severe or moderately severe hemophilia B will 
be enrolled, at J east 15 of whom will be severe hemophiliacs. All patients will 
be followed for at least 2 years and then up to 100 exposure days or 5 years, 
whichever is sooner. 

All adverse experience reports should be submitted according to 21 CFR 600.80 tothe Center for 
Biologies Evaluation and Research (CBER), HFM-210, Food and Drug Administration, 1401 
Rockville Pike, Rockville, Maryland 20852-1448, In addition; safety related information obtained 
in the course of the ongoing clinical studies should be reported to BB-IND 5920 in accord with 
21 CFR 3 12.32. It is also requested that distribution reports be submitted according to 21 CFR 



Coagulation Factor DC (Recombinant) manufactured by Genetics Institute is exempt from the lot 
release requirements of 21 CFR 610.2. However, we acknowledge your agreement to submit 
samples and release protocols for each lot of Coagulation Factor JX (Recombinant) released for 
distribution in the United States. 

Please submit three (3) copies of final printed labeling at the time of use accompanied by Part II of 
FDA 2567 with completed implementation information. In addition, you may wish to submit your 
proposed introductory advertising and promotional campaign. If so, please submit three (3) 
copies of the proposed material in draft form with Part I of FDA Form 2567 to CBER, 
Advertising and Promotional Labeling StafF(APLS), HFM-202, 1401 Rockville Pike, Rockville 
Maryland 20852-1448. Promotional claims should be consistent with and not contrary to the 
approved labeling. No comparative claims or claims of superiority over other similar products 
should be made unless data to support such claims are submitted to and approved by the CBER. 
Final copies of advertising and promotional materials should be submitted at the time of use with 
Part H of FDA Form 2567 to APLS. Please include copies of the approved labeling with your 
proposed or final copy of advertising and promotional materials submitted to CBER. 

Please acknowledge receipt of the enclosed license to the Director, Division of Application 
Review and Policy, HFM-585, 1401 Rockville Pike, Rockville, Maryland 20852-1448. 



Sincerely yours, 

^/S^ p 3 ^— 1 — ^ 

Jay S. Epstein, MD, 
Director 

Office of Blood Research and Review 
Center for Biologies 
Evaluation and Research 
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Exhibit 5. Chronological Record of Genetics 

Institute's Submissions Concerning Orphan 
Drug Designation _____ 



Date 


Summary of Contents 


(mm-dd-yy) 




04/07/94 


U.S. Orphan Drug Application 


07/15/94 


Answers to questions concerning 




manufacturing, cell line testing, and 




preclinical test results 


09/15/94 


Follow-up to 09/01/94 telephone 




conversation 


10/03/95 


Orphan Drug Application 1995 Annual 




Report 


09/06/96 • 


Orphan Drug Application 1996 Annual 




Report 


01/09/97 


Letter of intent concerning orphan drug 




exclusivity 



Exhibit 6. Chronological Record of Genetics Institute's rFIX BB-IND 5920 
Submissions 



Date of 

Submission 

(mm-dd-yy) 



IND 

Serial No. 



Summary of Contents 



12/27/94 
02/10/95 

03/08/95 

03/20/95 
03/24/95 
05/01/95 
05/15/95 

07/21/95 

07/27/95 

08/28/95 

09/01/95 

09/06/95 
09/19/95 

10/02/95 

10/05/95 
10/12/95 
11/03/95 



000 
001 

002 

003 
004 
005 
006 

007 

008 

009 

010 

011 
012 

013 

014 
015 
016 



rFIX Original Submission: 
Investigational New Drug Application 
Protocol Amendment: Protocol C9407-21 
Information Amendment: CMC 

Response to request for information 
New Investigator 
Information Amendment: Clinical 

Investigator information 
Information Amendment 

Response to request for information 
Protocol Amendment: New Protocols: 
C9408-21 andC9417-21 
Information Amendment: CMC 

Introduction of additional dosage form 
New Investigator 
Information Amendment: Clinical 

Investigator information 
New Investigator 
Information Amendment: Clinical 

Investigator information 
Info Amendment: CMC 

Lot release data 
Information Amendment: CMC 

Lot release data 
' Information Amendment: CMC 

Lot release specifications and test results 
Information Amendment: Clinical 
Information Amendment: CMC, 
Pharmacology-Toxicology, Clinical 
Request for prelicensure meeting 
New Investigator 
Information Amendment: Clinical 

Investigator information 
Information Amendment: CMC 

Carton manufacture 
Protocol Amendment: New Protocol 
New Investigator 

Information Amendment: prePLA Agenda 
and List of Meeting Participants 
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11/16/95 017 

11/22/95 018 

12/19/95 019 

01/05/96 020 

01/31/96 021 

02/02/96 022 

02/09/96 023 

02/21/96 024 

03/06/96 025 

03/25/96 026 

03/29/96 027 

04/26/96 028 

04/26/96 029 

04/29/96 030 

05/15/96 031 

05/16/96 032 

05/24/96 033 

05/28/96 034 

05/29/96 035 



Information Amendment: CMC 

Lot release specifications and test results 
Information Amendment: CMC 

Manufacturing and control changes 
Protocol Amendment: New Investigator 
Information Amendment: 
Pharmacology-Toxicology (preclinical 
technical reports), Clinical (investigator 
information) 

Information Amendment: CMC 

Lot release data 
Annual Report 

Information Amendment: CMC 

Lot release data 
New Investigator 
Information Amendment: Clinical 

Investigator information 
Information Amendment: Clinical 

Investigator information 
Information Amendment: CMC 

Lot release specifications and test results 
New Investigator 
Information Amendment: Clinical 

Investigator information 
Information Amendment: CMC 

Lot release data 
Information Amendment: CMC 

Stability data 
Information Amendment: CMC 

Manufacturing process changes 
New Investigator 
Information Amendment: CMC, 
Pharmacology/Toxicology 

Lot release specifications and test results 
Information Amendment: Clinical 

Patient information 
Information Amendment: CMC, 
Pharmacology-Toxicology, Clinical 
Background information in preparation for 
the rFIX PrePLA meeting scheduled for June 
5, 1996 

Information Amendment: Clinical 

Patient information 
New Investigator 
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05/29/96 



06/12/96 



06/19/96 



06/24/96 



06/27/96 



07/26/96 



08/16/96 



09/19/96 

9/20/96 
10/23/96 



11/22/96 



11/26/96 
12/10/96 
12/19/97 
01/06/97 

01/17/97 



02/14/97 



036 



037 



038 



039 



040 



041 



042 



043 

044 
045 



046 



047 
048 
049 
050 

051 



052 



PrePLA Agenda and List of Meeting 
Participants 

Information Amendment: CMC 

Lot release data 
Information Amendment: CMC, Clinical 

License application information filed to 

IND (1st of 3 submissions) 
New Investigator 
Information Amendment: Clinical 

Investigator infonhati on 
Information Amendment: CMC, 
Pharmacology-Toxicology, Clinical 

License application information filed to 

IND (2nd of 3 submissions) 
Information Amendment: CMC, 
Pharmacology-Toxicology, Clinical 

License application information filed to 

IND (3rd of 3 submissions) 
New Investigator 
Information Amendment: Clinical 

Investigator information 
Information Amendment: CMC 

Lot release data 
New Investigator 
New Investigator 
Information Amendment: Clinical 

Investigator information 
New Investigator 
Information Amendment: Clinical 

Investigator information 
10-Day Safety Report 
Follow-up Safety Report to Serial No. 047 
Investigator Information 
Follow-up Safety Report to Serial Nos. 047, 
048 

New Investigator 

Information Amendment: Clinical 

Investigator information 
New Investigator 
Information Amendment: Clinical 

Investigator information 
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Exhibit 7. 


Chronological Record of Genetics Institute's rFIX Biologies License 


Application Submissions (Ref. No. 96-1048) 


Date 


Serial No. 


Summary of Contents 


(mm-dd-yy) 






08/29/96 


000 


rFT5C Riolnpiffll T.ippnw Annliratinn 
Original Submission 


09/20/96 


001 


CMC Information 

Data on drug product manufacture 


09/25/96 


002 


Data on drug product manufacture 


10/01/96 


003 


CMC Information 

Conformance lot information 


10/31/96 


004 


CMC Information 
Stability update 


11/01/96 


005 


Clinical Information 
Safety update 


1 1/08/96 


006 


CMC Information 

V-'l'lV llllvl X AJLC4.VH-/11 

Comparative product analysis 


1 1/08/96 


007 


Labeling Information 

Revised annotated package insert 


12/09/96 


008 


CMC Information 

Conformance lot shipment 


12/20/96 


009 


CMC Information 

Reprocessing proposal 


12/20/96 


010 


CMC Information 

Drug product test method 


12/20/96 


011 


CMC Information 

Manufacturing test data and study proposal 


12/20/96 


012 


CMC Information 

Results of testing, manufacturing process changes 


M20I96 


013 


CMC Information 

Validation nronosal 


12/27/96 


014 


CMC Information 

Rftvi^pH ^nprifipfitinn^ forHmcr QnV»Qtanr i p anH rimer 

product 


01/03/97 


015 


Revised Package Insert 


01/09/97 


016 


CMC Information 

Revised specifications for drug product 


01/14/97 


017 


Corrigendum to Amendment 016 


01/14/97 


018 


Clinical Safety Information 
Patient data 


01/17/97 


019 


CMC Information 

Conformance lot release data 
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Chronological Record of Genetics Institute's Miscellaneous Submissions 


Date 


Subject 


Summary of Contents 


(jnm-aa-yyj 






07/15/94 


Nomenclature 


Application for United States Adopted Name (US AN) 


AO /AO /AC 

UJ/0o/95 


XT 1 * 

Nomenclature 


Reply to US AN request for more information 


A./1 /H/l /ac 

U4/U4/9J 


Meeting 


Fax to FDA containing summary narrative of the overall FIX 




preparation 


clinical plan 


1 O /A O / A C 

12/08/95 


Request for 


Letter to Dr. Fratantoni to discuss release specifications and 




meeting 


test results 


02/02/96 


WCBP 


Request for Designation as a Well Characterized 






Biotechnology Product 


03/22/96 


Advisory 


March 22, 1996 Blood Products Advisory Committee 




Committee 


Meeting: 






PreMeeting Information Package 


03/29/96 


Trademark 


v Notification of Trademark for rFIX 


03/29/96 


Nomenclature 


Request for Official/Proper/Established Name 


10/03/96 


Manufacturing 


Inspection Guide 




Inspection 
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Exhibit 9. Chronological Record of Genetics Institute's Significant FDA Meetings 
Concerning rFIX 


Date 

(mm-dd-yy) 


FDA 
Contact 


Purpose 


11/10/94 
11/08/95 
06/05/96 
12/12/96 


OBRR, OOPD 
OBRR, OOPD 
OBRR 
OBRR 


Pre-IND Meeting 
Pre-PLA Meeting No. 1 
Pre-PLA Meeting No. 2 
Blood Products Advisory Committee Meeting 



OBRR = Office of Blood Research and Review, Center for Blood Evaluations and 
Research 

OOPD = Office of Orphan Products Development 



Exhibit 9 



Exhibit 10. Chronological Record of Genetics Institute's Significant FDA Telephone 
Contacts Concerning rFIX 



Date 


FDA 


Purpose 


(mm-dd-yy) 


Contact 




03/22/94 


J.Fratantoni 


Summary Of results of nrecliniral <;tndv rnQrnQQinn nf 






orphan drug review 


04/20/94 


J. Cavagnaro 


Preclinical toxicology plan 


08/25/94 


P. Vaccari 


Orphan drue aDDlication review 


09/01/94 


E. McNeilly 


Summary of results of preclinical study 


01/26/95 


P. Aebersold 


IND review 


02/22/95 


P. Aebersold 


IND clinical review 


04/03/95 


P. Aebersold 


IND CMC review 


04/04/95 


P. Aebersold 


Clinical plan summary 


04/20/95 


J. Epstein 


END review comments 


05/01/95 


P. Aebersold 


Protocol C94 17-21 review 


10/04/95 


P. Aebersold 


v Lot release specifications and test results 


11/21/95 


K. Zoon 


Lot release specifications and test results 


11/21/95 


M. Einstein 


Lot release specifications and tpQt rpcnltc 


01/22/96 


R. Devine 


Worldwide license aDDlication format 




B.Y./M.W. 


02/13/96 


J. Cavagnaro 


ReQUeSt for Well-CharaCteri7pd hinlncriral nrnHnrt ctatnc 


02/23/96 


J. Cavagnaro 


Follow-up to 2/13/96 contact 


04/03/96 


K. Zoon 


Discussion of overall plan for registration 


04/11/96 


T. Lynch 


Raw materials 


05/07/96 


J. Fratantoni 


Expedited review 


07/08/96 


P. Vaccari 


Inherent safety of rFIX 


08/28/96 


T. Lynch 


Fill/finish 


08/30/96 


M. Malarkey 


Facility-related (Dreinsoection - environmental 






monitoring - fill/finish) 


08/30/96 


R. Lewis 


Tradename 


08/30/96 


W. Purvis 


Tradename 


09/05/96 


T. Silverman 


Review of clinical section of BLA 


09/19/96 


F. Kaltovitch 


Telephone conversation with F Kaltovitrh anri T Weh^r 


10/03/96 


T. Silverman 


Follow-up to 09/05/96 contact 


10/23/96 


T. Silverman 


Follow-up to 10/03/96 contact 


11/13/96 


T. Silverman 


Review of pharm/tox section of BLA 


11/27/96 


T. Lynch 


10-day safety report 


12/02/96 


T. Silverman 


Follow-up to 1 1/27/96 contact; discussion of Dec 12 






BPAC Meeting 


12/16/96 


T. Lynch 


Post-BPAC planning 


12/19/97 


T. Lynch 


Requests for more CMC information 


01/03/97 


T. Lynch, 


Manufacturing, establishment information 




F. Kaltovitch 




01/08/97 


P. Vaccari 


Orphan drug 
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1/15/97 T. Lynch 

T. Silverman 

1/16/97 T. Lynch 

T. Silverman 

1/17/97 T. Lynch 



Package insert 

Follow-up to 1/15/97 contact 
Follow-up to 01/03/97 contact 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 



I AM I 7 \CTT Food and Dru9 Admi nistration 

JMIN I 1 lyyj 1401 Rockville Pike 



Rockville MD 20852-1448 



Our Reference: BB-IND 5920 



Genetics Institute 
Attention: J. Petricciani, M.D. 
Vice President, Regulatory Affairs 
87 Cambridge Park Drive 
Cambridge, MA 02140-2387 

Dear Dr. Petricciani: 

The Center for Biologies^ Evaluation and Research has received 
your Investigational New Drug Application (IND) . The following 
product name and BB-IND number have been assigned to this 
application. They serve only to identify it and do not imply 
that this Center either endorses or does not endorse your 
application, 

BB-IND #: 5920 

SPONSOR: Genetics Institute 

PRODUCT NAME: Factor IX (Human) (Recombinant) for Treatment of 

Hemophilia B 

DATE OF SUBMISSION: December 27, 19 9 4 

DATE OF RECEIPT: December 27, 1994 

This BB-IND number should be used to identify all future 
correspondence and submissions, as well as telephone inquiries 
concerning this IND, Please provide an original and two copies 
of every submission to this file. Please include three originals 
of all illustrations which do not reproduce well. 

It is understood that studies in humans will not be initiated 
until 3 0 days after the date of receipt shown above r unless a 
waiver has been requested and granted. If this office notifies 
you, verbally or in writing, of serious deficiencies that require 
correction before human studies can begin, it is understood that 
you will continue to withhold such studies until you are notified 
that the material you have submitted to correct the deficiencies 
is satisfactory. If such a clinical hold is placed on this file 
you will be notified in writing of the reasons for placing the 
IND on hold. 
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Page 2 - j. Petricciani, M.D. 



You are responsible for compliance with applicable portions of 
the Public Health Service Act, the Federal Food, Drug, and 
Cosmetic Act, and the Code of Federal Regulations (CFR) . A copy 
of 21 CFR 312, pertaining to INDs, is enclosed. Copies of other- 
pertinent regulations are available from this Center upon 
request. The following points regarding obligations of an IND 
sponsor are included for your information only, and are not 
intended to be comprehensive. — 

Progress reports are required at intervals not exceeding one year 
and are due within 60 days of the anniversary of the date that 
the IND went into effect. Any unexpected fatal or immediately 
life-threatening reaction which is associated with use of this 
product must be reported to this Center within three working 
days, and all serious, unexpected adverse experiences must be 
reported, in writing, to this Center and to all study centers 
within ten working days. 

Charging for an investigational product in a clinical trial under 
an IND is not permitted without the prior written approval of the 
FDA • 

Prior to use of each new lot of the investigational biologic in 
clinical trials, please submit the lot number, the results of all 
tests performed on the lot, and the specifications when 
established (i.e., the range of acceptable results). 

If not included in your submission, please provide copies of the 
consent forms for each clinical study. A copy of the 
requirements for and elements of informed consent are enclosed 
Also, please provide documentation of the institutional review" 
board approval (s) for each clinical study. 

^laboratory or animal studies intended to support the safety 
of this product should be conducted in compliance with the 
regulations for "Good Laboratory Practice for Nonclinical 
Laboratory Studies- (21 CFR 58, copies available upon request). 
If such studies have not been conducted in compliance with these 
regulations, please provide a statement describing in detail all 
differences between the practices used and those required in the 
regulations. 

Item 7a of Form FDA 1571 requests that either an "environmental 
assessment", or a "claim for categorical exclusion" from the 
requirements for environmental assessment, be included in the 
IND. If you did not include a response to this item with your 
application, please submit one. 
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See the enclosed information sheet for additional information on 
how these requirements may be addressed. 

Sponsors of INDs for products used to treat life-threatening or 
severely debilitating diseases are encouraged to consider the 
interim rule outlined in 21 CFR 312.80 through 312.88. 

Telephone inquiries concerning -this -IND should be made directly 
to the Division of Blood Applications at 301-594-2012 
Correspondence regarding this file should be addressed as 
follows: 

Center for Biologies Evaluation and Research 
Attention: Office of Blood Research and Review 
HFM-99, Room 20 ON 
1401 Rockville Pike 
Rockville, MD 20852-1448 

If we have any comments after we have reviewed this submission 
we will contact you. ' 

Sincerely yours, 



y ... — — ' ' - / u. 

Sheila K. Norris, R.Ph. 
Consumer Safety Officer 
Division of Blood Applications 
Center for Biologies 

Evaluation and Research 



Enclosures (3) - 21 CFR 312 

21 CFR 50.20, 50.25 

Information sheet on 21 CFR 25.24 
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